We study noncommutative classical Friedmann-Robertson-Walker cosmological models. The constant curvature of the spatial sections can be positive (k = 1), negative (k = −1) or zero (k = 0). The matter is represented by a perfect fluid with negative pressure, phantom fluid, which satisfies the equation of state p = αρ , with α < −1, where p is the pressure and ρ is the energy density. We use Schutz's formalism in order to write the perfect fluid Hamiltonian. The noncommutativity is introduced by nontrivial Poisson brackets between few variables of the models. In order to recover a description in terms of commutative variables, we introduce variables transformations that depend on a noncommutative parameter (γ). The main motivation for the introduction of the noncommutativity is trying to explain the present accelerated expansion of the universe. We obtain the dynamical equations for these models and solve them. The solutions have four constants: γ, a parameter associated with the fluid energy C, k, α and the initial conditions of the models variables. For each value of α, we obtain different equations of motion. Then, we compare the evolution of the universe between the present noncommutative models and the corresponding commutative ones (γ → 0). The results show that γ is 1 very useful for describing an accelerating universe. We estimate the value of γ, for the present conditions of the Universe. Then, using that value of γ, in one of the noncommutative cosmological models, we compute the amount of time this universe would take to reach the big rip.
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Introduction
One of the major scientific discoveries of the last century was made in 1998, when two teams of astronomers observing distant supernovas concluded that our Universe is expanding in an accelerated rate [1] . That amazing discovery took the scientific community by surprise and since then many different explanations have appeared in the literature. Many physicists believe, today, that the best explanation for the accelerated expansion of our Universe consists in the presence of a previously unknown type of energy. That energy, called: dark energy [2] , has properties very different from the usual one and should correspond to approximately 74% of the total matter/energy content of the Universe [3] . It may be represented by a perfect fluid with equation of state: p/ρ = α < −1/3, where α is a constant which defines the fluid, p is the fluid pressure and ρ its density [4] . The first property that makes it very different from usual perfect fluids comes from the equation of state: its pressure is negative. Depending on the exact value of α that fluid may violate one or more of the four energy conditions and the resulting space-time solution may develop one or more of the four types of finite-time future singularities [4] . We may mention some of the dark energy candidates: cosmological constant, quintessence, quintom, K-essense, phantom fluid, Chaplygin gas [5] . In the present work, we are going to consider as the matter/energy content of our model a phantom fluid. That fluid has an equation of state with α < −1. It violates all four energy conditions and gives rise to a space-time solution which develops a finite-time future singularity called big rip [4] . That singularity appears in a finite time (t br ), after the beginning of expansion. The scale factor, the fluid energy density and pressure, all diverge as the time approaches t br [6] . Present day observations, do not discard a fluid with an equation of state like the phantom fluid [4] . As a matter of completeness, we mention that another important explanation for the present expansion of our Universe considers that general relativity is not the correct gravity theory. Therefore, it has to be modified. For a review on this important field of research see Ref. [7] .
One of the first ideas introduced, in order to eliminate the divergences in the early days of quantum field theories, was noncommutativity between spacetime coordinates [8] . The main idea was that, the noncommutativity would induce an uncertainty relation between the spacetime coordinates. In your turn, that uncertainty relation, would cause the spacetime points to be replaced by infinitesimal areas of the Planck area order. Eliminating, in that way, divergent quantities obtained as the result of calculations in specific spacetime points. Recently, the interest in those ideas of noncommutativity between spacetime coordinates were renewed due to some important results obtained in superstring, membrane and M-theories. For a review on those important results see Ref. [9] . In the past few years, the role played by noncommutativity in different areas of physics has been extensively investigated [10] . One important arena where noncommutative (NC) ideas may play an important role is cosmology. In the early stages of its evolution, the Universe may have had very different properties than the ones it has today. Among those properties some physicists believe that the spacetime coordinates were subjected to a noncommutative algebra. Inspired by these ideas some researchers have considered such NC models in quantum cosmology [11, 12, 13, 14] . It is also possible that some residual NC contribution may have survived in later stages of our Universe. Based on these ideas some researchers have proposed some NC models in inflationary cosmology in order to explain some intriguing results observed, in the cosmic microwave background radiation (CMB), by different sources like: the Planck satellite, the WMAP, BAO and high-l ACT/SPT temperature data. Such as a running spectral index of the scalar fluctuations and an anomalously low quadrupole and octopole of CMB angular power spectrum [15] . Another relevant application of NC ideas in semi-classical and classical cosmology is the attempt to explain the present accelerated expansion of our Universe [16, 17, 18, 19] .
In the present work, we would like to contribute to the investigation on the importance of noncommutativity as a possible mechanism to explain the present expansion of the Universe. In this way, we study the NC version of a classical cosmology model. The model has a Friedmann-Robertson-Walker (FRW) geometry, the matter content is a phantom fluid and the spatial sections may have negative, positive or zero constant curvatures. We work in the Schutz's variational formalism [20, 21] . The noncommutativity is obtained by imposing deformed Poisson brackets between certain canonical variables. In fact, the present work is an extension of a previous work [19] , where the au-thors consider the same NC model coupled to perfect fluids of radiation and dust. Initially, we derive the scale factor dynamic equations for the general situation, without specifying the value of the parameter α, which specifies the phantom fluid, or the curvature of the spatial sections. Next, we study the scale factor behaviors, for several different values of α and all possible values of k. We compare them with the corresponding commutative model. We obtain NC models that may describe the present expansion of our Universe, in a better way than the corresponding commutative model. The noncommutativity that we are about to propose is not the typical noncommutativity between standard spacetime coordinates. In the geometrodynamics formulation of general relativity [22] , the arena in which the classical dynamics takes place is the superspace. It is the space of all three-metrics and matter field configurations on a three-surface. In the models we are considering here, due to the symmetry of the metric, we have a very simple superspace, called minisuperspace, with a small number of 'coordinates'. Therefore, in all works done so far in this area, the motivation is to extend the usual noncommutativity between standard spacetime coordinates to minisuperspace 'coordinates' [11] . The noncommutativity between minisuperspace 'coordinates' have been studied at the quantum and classical levels. At the quantum level in Refs. [11, 12, 13, 14] and at the semi-classical and classical levels in Refs. [16, 17, 18, 19] .
In Section 2, we introduce the NC model for a generic phantom fluid and derive the coupled system of differential equations for the variables. In Section 3, we apply the general formalism for several specific cases of phantom fluids. We solve the system of differential equations and obtain the scale factor as a function of the time coordinate and few parameters, including the NC parameter γ. We analyze all possibles behaviors of the solutions, including a comparison with the solutions to the corresponding commutative model, paying special attention for those representing expansion. In Section 4, we give estimates for the NC parameter γ. Then, using those values of γ, in one of the NC cosmological models, we compute the amount of time those universes would take to reach the big rip. Finally, in Section 5, we comment on the most important results of the present paper.
The noncommutative model for a generic phantom fluid
The FRW cosmological models are characterized by the scale factor a(t) and have the following line element,
where dΩ 2 is the line element of the two-dimensional sphere with unitary radius, N(t) is the lapse function and k gives the type of constant curvature of the spatial sections. It may assume the values k = −1, 1, 0 and we are using the natural unit system, where c = G = 1. The matter content of the model is represented by a perfect fluid with four-velocity U µ = N(t)δ µ 0 in the comoving coordinate system used. The total energy-momentum tensor is given by,
where ρ and p are the energy density and pressure of the fluid, respectively. Here, we assume the following state equation of the fluid, p = αρ, where α < −1 is a constant which defines the phantom fluid.
In the present work, we obtained the perfect fluid Hamiltonian using the Schutz's variational formalism. In this formalism [20] , the four-velocity (U ν ) of the fluid is expressed in terms of six thermodynamical potentials (µ, ǫ, ζ, β, θ, S), in the following way,
Where µ is the specific enthalpy, S is the specific entropy, ζ and β are connected with rotation and are absent of FRW models and, finally, ǫ and θ have no clear physical meaning. The four-velocity is subject to the normalization condition,
The starting point, in order to write the Hamiltonian of the model, is the action (S) for gravity plus perfect fluid, which in this formalism is written as,
where g is the determinant of the metric, R is the curvature scalar and p is the fluid pressure. The last term of (5) represents the matter contribution to the total action. Introducing the metric (1) in the action (5), using the geometrodynamics formulation of general relativity [22] , Eqs. (3) and (4), the state equation of the fluid, the first law of thermodynamics and after some thermodynamical considerations, the action takes the form [21] ,
From this action, we may obtain the Lagrangian density of the model and write, with the aid of the geometrodynamics formulation of general relativity, its associated superhamiltonian,
where
We may further simplify the superhamiltonian (7), by performing the following canonical transformations [21] ,
where P S = θP ǫ . With these transformations the superhamiltonian (7) takes the form,
where P a and P T are the momenta canonically conjugated to a and T , the latter being the canonical variable associated to the fluid. Here, we are working in the conformal gauge, where N = a. In order to introduce the noncommutativity in the model, we start considering, initially, that the total Hamiltonian of the model has the same functional form as (9) . But now it is written in terms of NC variables,
Then, we propose that the noncommutative variables of the model {a nc , P anc , T nc , P T nc } satisfy the following deformed Poisson brackets (PBs):
in which γ is the NC parameter. It is important to notice that this is not the only possible deformed PBs one may propose, for the present model. In Ref. [18] the authors considered a very similar classical, noncommutative, FRW model coupled to a perfect fluid, in the presence of a cosmological constant. The only differences between our NC model and the NC model in Ref. [18] are the choices of deformed PBs and the presence of a cosmological constant in their model. In their choice of deformed PBs, they made the two PBs in Eq. (11) different from zero, instead of the two PBs in Eq. (13) . Therefore, since one of our motivations is investigating possible differences among different deformed PBs choices the only possibility, that does not include any of the PBs in Eq. (11), was to make the two PBs in Eq. (13) different from zero. For simplicity we make them equal to the same NC parameter. As we mentioned above, the present work is an extension of a previous work [19] . There, the authors consider the same NC model described here coupled to perfect fluids of radiation and dust and they also make a detailed comparison between the present NC model and the one introduced in Ref. [18] , for those two types of fluids. Unfortunately, here, we shall not be able to compare our results with the ones of Ref. [18] because, there, the authors did not consider a model with a phantom perfect fluid. We shall leave it for a future work.
We would like to describe those models in terms of usual commutative variables, which satisfy the usual PBs. Because it is simpler to deal with that kind of variables. Following the literature of NC theories it is possible to achieve that by introducing a set of coordinate transformations from the NC variables to new commutative ones. Those type of transformations were first introduced in Refs. [23] and sometimes are called Bopp shift [24] . Due to our choice of deformed PBs (13) , the more general transformations, to first order in γ, leading from the NC variables to new commutative ones, are given by,
where the commutative variables have c labels. It is important to notice that if we introduce the noncommutative variables Eq. (14), in the deformed PBs Eq. (11) (12) (13) and use the usual PBs among the commutative variables, they are satisfied to first order in γ. Another important motivation to use those commutative variables, is that, the metric for those models may be written in terms of them as,
For γ = 0, this metric reduces to Eq. (1), in the gauge N = a. Observing the metric Eq. (15), we notice that the dynamics of world lines separations between two different times is given by the NC scale factor,
Therefore, in our study of the dynamics of the models described by the metric Eq. (15), we must compute the NC scale factor given by Eq. (16) . Since, all quantities in that metric Eq. (15) are commutative, we can treat those models using the usual general relativity methods. In particular, if we write the conservation equation for the fluid stress-energy tensor Eq. (2), for the metric Eq. (15), we obtain the following relationship between the fluid density and the NC scale factor,
whereC is a positive constant. In terms of the commutative variables Eq. (14), we have two equivalent ways to write the equations that describe the dynamics of the models. In the first one, we write the Einstein's equation for the metric Eq. (15), use the expression for ρ(t) Eq. (17) and the equation of state for the fluid. In the second way, we introduce the transformations Eq. (14) in the total Hamiltonian Eq. (10) and compute the Hamilton's equations for the commutative variables. Since both ways are entirely equivalent, we shall use the second way. We start rewriting the total Hamiltonian N nc H nc Eq. (10), in terms of the commutative variables Eq. (14),
The Hamilton's equations of motion, obtained using the total Hamiltonian Eq. (18) and the usual PBs among the commutative variables, are,
Now, we would like to find the NC scale factor behavior (16) . In the general situation, for generic α and k, the best we can do is writing, from Eqs. (19)- (22), a system of two coupled differential equations involving a c (t), T c (t) and their time derivatives. This is done in the following way. Combining Eqs. (20) and (22), we obtain the following relationship between P T c and P ac ,
where C is an integration constant. Physically, for the commutative case (γ = 0), C represents the fluid energy, which means that it is positive. Then, using Eqs. (19) and (21), we find, to first order in γ, the following equation expressing P ac in terms of time derivatives of a c and T c ,
Finally, we introduce the values ofṖ ac Eq. (20),Ṫ c Eq. (21),Ṗ T c Eq. (22), P T c Eq. (23) and P ac Eq. (24), in the time derivative of Eq. (19) and in Eq. (21) . It gives, to first order in γ, the following system of coupled differential equation for a c and T c ,
All the information about the noncommutativity is encoded in the parameter γ. If we set it to zero we recover the usual commutative model in the gauge N = a. In particular, equation (25) decouples and we may solve it to obtain the scale factor dynamics. In order to solve those equations and compute a nc Eq. (16), we shall have to furnish initial conditions for a c (t),ȧ c (t) and T c (t). Unfortunately, we cannot find algebraic solutions for a c (t) and T c (t), from the system Eqs. (25)- (26), for generic values of k, α, γ, C and the initial conditions a 0 ,ȧ 0 and T 0 . Where a 0 ,ȧ 0 and T 0 are, respectively, the initial values (t = 0) of a c (t),ȧ c (t) and T c (t). Therefore, in what follows, we shall solve that system numerically.
The dynamics of the models and the big rip
Since we shall have to solve the system Eqs. (25)- (26), numerically, we believe that the best way to do that is fixing, initially, the value of k, for each different curvature. Then, for each curvature, we shall investigate how a nc (t) Eq. (16) behaves for different values of α, γ, C and the initial conditions a 0 ,ȧ 0 and T 0 .
The case k=1
Let us start by fixing k = 1, it means that the spatial sections have constant positive curvatures. Introducing k = 1 in the system Eqs. (25)- (26), we obtain,ä
Now we are going to solve, numerically, that system for different values of α, γ, C and the initial conditions a 0 ,ȧ 0 and T 0 . It is important to mention that the values of those parameters and initial conditions are not entirely arbitrary.
There is a constraint between them given by the Friedmann equation for the initial instant of time. For the present case that constraint is given from Eq. (39), when it is written in terms of the initial conditions and k = 1,
Therefore, in order to derive the behavior of a nc (t) Eq. (16) in terms of the parameters and initial conditions, we shall vary a given parameter and fix the other parameters and initial conditions with exception ofȧ 0 . So that, Eq. (29) may be satisfied. When we want to varyȧ 0 , we shall fix all other parameters and initial conditions with exception of C. So that, Eq. (29) may be satisfied. The choices ofȧ 0 and C as the quantities to be left free so that Eq. (29) may be satisfied, are arbitrary and do not modify our conclusions. After solving, numerically, the system Eqs. (27)- (28), for many different values of all parameters and initial conditions, we reach the following conclusions. The general behavior of a nc (t) Eq. (16) describes a universe that starts to expand in an accelerated rate from its initial size a 0 at t = 0, and ends, after a finite time interval (t br ), in a big rip singularity. That general behavior of a nc (t) is qualitatively similar to the corresponding commutative scale factor, the differences being of quantitative nature. Let us see, now, the specific properties of a nc (t) due to each parameter and initial condition.
Varying α
We start computing a c (t) and T c (t) and eventually the physical scale factor a nc (t) Eq. (16) from the system Eqs. (27)- (28), by varying α < −1 and fixing all other parameters and initial conditions. For models with different values of α, we notice that: the more negative α, the more quickly the NC scale factor reaches the big rip singularity. Therefore, the more repulsive the fluid, the more quickly a nc (t) reaches the big rip singularity. In fact, that conclusion agrees with the state equation of the fluid: p = αρ and with the commutative model. As an example of that conclusion, we can see Figure 1 . 
Varying γ
After solving, numerically, the system Eqs. (27)- (28), for many different values of γ, the NC parameter, keeping fix all other parameters and initial conditions, we reach the following conclusions. The big rip singularity cannot be avoided, due to the noncommutativity. In fact, whenever we increase the modulus of γ, positive or negative, the time it takes, for the NC scale factor to reach the big rip singularity, diminishes. In this way, noncommutativity behaves as an additional repulsive force to the one already produced by the phantom fluid, helping the accelerated expansion of the universe. It means that, for any noncommutative model t br will be always greater than the corresponding time in the commutative model. As an example of that conclusion, we can see Figure 2 . Although qualitatively both positive and negative values of γ behave as repulsive forces, quantitatively they have different strengths. In order to study this property, we consider two different models where in the first model γ is positive and in the second γ is negative, but has the same modulus than in the first. Apart from that, all the other parameters and initial conditions have the same values in both models. After studying many different models of that type, we conclude that the NC scale factor in the models with γ < 0 go to the big rip singularity quicker than in the models with γ > 0. Therefore, the strength of the repulsive force for γ < 0 is greater than for γ > 0. As an example of that conclusion, we can see Figure 3 .
Varying C
After solving, numerically, the system Eqs. (27)- (28), for many different values of C, the parameter associated to the fluid energy, keeping fix all other parameters and initial conditions, we reach the following conclusions. If one increases the value of C, the NC scale factor goes quicker to the big rip singularity. In other words, if one increases the fluid energy it becomes more repulsive and expands more rapidly. That result agrees with the corresponding one in the commutative model. As an example of that conclusion, we can see Figure 4 . Let us see, now, how the dynamics of the NC models, with k = 1, depend on the initial conditions.
Varying a 0
After solving, numerically, the system Eqs. (27)- (28), for many different values of a 0 , the initial value associated to the scale factor, keeping fix all other parameters and initial conditions, we reach the following conclusions. The greater the value of a 0 , the more quickly the NC scale factor reaches the big rip singularity. Therefore, universes that start with greater values of a 0 will end quicker. That result agrees with the corresponding one in the commutative model. As an example of that conclusion, we can see Figure 5 . 
Varyingȧ 0
After solving, numerically, the system Eqs. (27)- (28), for many different values ofȧ 0 , the initial value associated to the scale factor velocity, keeping fix all other parameters and initial conditions, we reach the following conclusions. The greater the value ofȧ 0 , the more quickly the NC scale factor reaches the big rip singularity. This result was expected since, if one increases the initial a 0 velocity, a 0 will expand quicker. That result agrees with the corresponding one in the commutative model. As an example of that conclusion, we can see 
Varying T 0
After solving, numerically, the system Eqs. (27)- (28), for many different values of T 0 , the initial value associated to the variable T , keeping fix all other parameters and initial conditions, we reach the following conclusions. Here, we obtain two different results depending whether γ is positive or negative. For γ > 0, the greater the value of T 0 , the more quickly the NC scale factor reaches the big rip singularity. This result is similar to what happened when we varied the commutative scale factor initial value (a 0 ), in Subsubsection 3.1.4. This happens because a nc Eq. (16), is a crescent linear function of a 0 and T 0 for γ > 0. Therefore, increasing T 0 the initial value of a nc also increases, in the same way that happened when a 0 was increased. As an example of that conclusion, we can see Figure 7 .
For γ < 0, the opposite result happens. The greater the value of T 0 , the more slowly the NC scale factor reaches the big rip singularity. This happens because, now, increasing T 0 the initial value of a nc decreases. As an example of that conclusion, we can see Figure 8 . Since the commutative scale factor does not depend on T , the above results have no correspondent ones in the commutative model. 
The cases k = 0 and k = −1
Here, we must proceed in the same way we did in the last subsection. First, we rewrite the system Eqs. (25)- (26), for the cases k = 0 and k = −1. Then, we solve the resulting system, numerically, in order to investigate how a nc (t) Eq. (16) behaves for different values of α, γ, C and the initial conditions a 0 , a 0 and T 0 . As in the case k = 1, the values of those parameters and initial conditions are not entirely arbitrary, they are constrained by the Friedmann equation for the initial instant of time. For the present cases those two constraints are given from Eq. (39), when it is written in terms of the initial conditions and k = 0 and the initial conditions and k = −1.
We solved, numerically, the appropriated systems obtained from Eqs. (25)- (26), for the cases k = 0 and k = −1, and investigated how a nc (t) Eq. (16) behaves for different values of all the parameters and initial conditions. After computing a great number of solutions for different values of parameters and initial conditions, for both cases k = 0 and k = −1, we reach the following conclusions. In the same way as in the previous case, the general behavior of a nc (t) Eq. (16), for both cases, describe universes that start expanding, in an accelerated rate, from the initial size a 0 at t = 0, and end, after a finite time interval (t br ), in big rip singularities. That general behavior of a nc (t), for both cases, are qualitatively similar to the corresponding commutative scale factors, the differences being of quantitative nature. We also found that, for both cases k = 0 and k = −1, the big rip singularities cannot be avoided, due to noncommutativity, in the present cases. On the other hand, there are quantitative differences in the behavior of a nc (t), between the three cases. Let us present those similarities and differences for each parameter and initial condition.
α
As in the case k = 1, here, for k = 0 and k = −1, the more negative α, the more quickly the NC scale factor reaches the big rip singularity. Therefore, the more repulsive the fluid, the more quickly a nc (t) reaches the big rip singularity. That result agrees with the corresponding ones in the commutative models, for k = 0 and k = −1. Examples of these cases, for k = 0 and k = −1, would produce figures, qualitatively, very similar to Figure 1 , for the case k = 1.
γ
As in the case k = 1, here, for k = 0 and k = −1, whenever we increase the modulus of γ, positive or negative, the NC scale factor goes quicker to the big rip singularity. In this way, the noncommutativity behaves as an additional repulsive force to the phantom fluid, helping the accelerated expansion of the universe. It means that, for any noncommutative model, with k = 0 or k = −1, t br will be always great than the corresponding times in the commutative models. After studying many different models of that type, we conclude that a nc (t) in the models with γ < 0 goes to the big rip singularity quicker than in the models with γ > 0. Therefore, the strength of the repulsive force for γ < 0 is greater than for γ > 0. Examples of these cases, for k = 0 and k = −1, would produce figures, qualitatively, very similar to Figures 2 and 3 , for the case k = 1.
C
As in the case k = 1, here, for k = 0 and k = −1, if one increases the value of C, the NC scale factor goes quicker to the big rip singularity. In other words, if one increases the fluid energy it becomes more repulsive and expands more rapidly. That result agrees with the corresponding ones in the commutative models, for k = 0 and k = −1. Examples of these cases, for k = 0 and k = −1, would produce figures, qualitatively, very similar to Figure 4 , for the case k = 1.
a 0
As in the case k = 1, here, for k = 0 and k = −1, the greater the value of a 0 , the more quickly the NC scale factor reaches the big rip singularity. Therefore, universes that start with greater values of a 0 will end quicker. That result agrees with the corresponding ones in the commutative models, for k = 0 and k = −1. Examples of these cases, for k = 0 and k = −1, would produce figures, qualitatively, very similar to Figure 5 , for the case k = 1.
3.2.5ȧ 0
As in the case k = 1, here, for k = 0 and k = −1, the greater the value ofȧ 0 , the more quickly the NC scale factor reaches the big rip singularity. This result was expected since, if one increases the initial a 0 velocity, a 0 will expand quicker. That result agrees with the corresponding ones in the commutative models, for k = 0 and k = −1. Examples of these cases, for k = 0 and k = −1, would produce figures, qualitatively, very similar to Figure 6 , for the case k = 1.
T 0
As in the case k = 1, here, for k = 0 and k = −1, for γ > 0, the greater the value of T 0 , the more quickly the NC scale factor reaches the big rip singularity. For γ < 0, the opposite result happens. The greater the value of T 0 , the more slowly a nc (t) reaches the big rip singularity. Examples of these cases, for k = 0 and k = −1, would produce figures, qualitatively, very similar to Figures 7 and 8 , for the case k = 1. Since the commutative scale factors, for models with k = 0 or k = −1, do not depend on T , the above results have no correspondent ones in the commutative models.
Comparison between different values of k
After studying the behavior of a nc (t) Eq. (16), for different values of k, we noticed that although it behaves qualitatively in a very similar way in all three cases, it presents some quantitative differences depending on the value of k. More precisely, if we fix all parameters and initial conditions with the exception of k, we observe that the NC scale factor reaches the big rip singularity firstly for the model with k = −1, secondly for the model with k = 0 and lastly for the model with k = 1. That result agrees with the corresponding one in the commutative models. As an example of that behavior, we can see Figure 9 . 4 Estimates for γ and the time intervals till the end of the Universe
In the present section, we want to give some estimates for the NC parameter γ. Then, using those estimated values of γ, we shall compute the corresponding time intervals till the end of the Universe (big rip).
In order to obtain estimates for γ, let us start computingȧ nc , from the total NC Hamiltonian Eq. (10) in the gauge N nc = a nc ,
From the above equation (30), we may compute the value of P anc as,
Now, using again N nc H nc Eq. (10), we obtainṖ Tnc ,
As a simplification, we shall consider that, from its birth until the time the present accelerated expansion started, the Universe was dominated by a dust perfect fluid (α = 0). We shall, also consider, that the Universe has flat spatial sections (k = 0). Therefore, under those conditions Eq. (32) is simplified to,Ṗ
That equation may be easily integrated to give,
where P T nc0 is the initial value of the momentum canonically conjugated to T nc . We may, now, introduce Eqs. (31) and (34) 
We shall estimate the value of γ from that equation. In order to do that, we must give a 0 which is the initial scale factor value. We cannot choose a 0 = 0 because it would be impossible to obtain any value for γ. Therefore, we shall choose it as close to zero as we can. Under our present computational conditions it is a 0 = 10 −40 . We must also give the values of time (t h ) and scale factor (a h ), for the beginning of the present accelerated expansion of the Universe. As an example, in Table 1 , we computed ten values of γ using ten different values of a h and t h . We obtained those values considering that the present mass density parameter (Ω m0 ) is equal to 0.3 and the present Hubble constant (H 0 ) is equal to 70 (km/s)/Mpc. From Table 1 , we observe that γ increases as the initial time of the present accelerated expansion of the Universe t h approaches the initial moments of the Universe. That result is expected since noncommutativity should had been more important at the beginning of the Universe. Now, for a given γ, we want to compute the corresponding time interval till the end of the Universe (big rip). It means that, the Universe is no longer dominated by dust. It is dominated, now, by a phantom perfect fluid. Therefore, we must take the given value of γ and solve the corresponding system Eqs. (25)- (26), for k = 0. As an example, in Table 1 , we computed ten values of the time interval till the big rip (t br ), using the ten different values of γ and a h , already mentioned in Table 1 . a h represents, now, the initial scale factor. We choose a phantom perfect fluid with α = −1.01, which is compatible with present observations [25] . The perfect fluid energy density is given by C = 6Ω de H 2 0 , where we took the dark energy mass parameter Ω de to be equal to 0.7. The initial scale factor velocity (ȧ h ), given in Table 1 were computed with the help of the appropriated Friedmann equations, obtained from Eq. (39), for the values of the parameters and initial values already given. From Table 1 , we observe that t br increases when γ increases, which seems contradictory to the results derived in Subsubsection 3.2.2. On the other hand, we notice, also from Table 1 , that when γ increases, both a h anḋ a h decrease. Therefore, from the results of Subsubsections 3.2.4 and 3.2.5, we understand that t br increases not because γ increases but because both a h andȧ h decrease. In fact, the values of a h are much bigger than the values of γ, therefore a h must influence the behavior of t br more strongly than γ.
Conclusions
We conclude that noncommutativity modifies quantitatively the original commutative cosmological model. In particular, the NC parameter γ acts as an additional repulsive force to the one already present in the model, due to the phantom fluid. That behavior happens for both γ positive or negative. Therefore, the introduction of the present noncommutativity does not prevent the Universe ending in a big rip singularity. In fact, the big rip singularity is reached, after the beginning of the expansion, first in the NC models than in the corresponding commutative ones. Since we are particularly interested in describing the present expansion of our Universe, we may mention that, due to the noncommutativity introduced here, we have an extra free parameter γ, not present in the corresponding commutative models. One may use that extra freedom to better adjust the observational data.
We also conclude that the NC scale factor behaves very much like the commutative one, when we vary most of the free parameters and initial conditions of the NC model. When we increase the values of: C (fluid energy), a 0 (initial scale factor value) andȧ 0 (initial scale factor velocity), the NC scale factor goes quicker to the big rip singularity, like in the commutative case. It also goes quicker to the big rip singularity, when we diminish the values of: α (negative parameter that defines the phantom fluid) and k (parameter that gives the curvature of the spatial sections), like in the commutative case.
For T 0 (initial value of fluid variable T ), which is not explicitly present in the commutative scale factor equation, the behavior of a nc is different for γ positive or negative. For γ > 0, the greater the value of T 0 , the more quickly the noncommutative scale factor reaches the big rip singularity. On the other hand, for γ < 0, the greater the value of T 0 , the more slowly the noncommutative scale factor reaches the big rip singularity.
From our estimates for γ and the time until the Universe reach the big rip singularity t br (Table 1) , we can draw the following conclusions. The estimate values of γ are very small. γ increases as the time, the accelerated expansion started, approaches the initial moments of the Universe. That result is expected since noncommutativity should had been more important at the beginning of the Universe. Due to the fact that the estimated values of γ are very small, specially in comparison with the ones of a h (scale factor when the universe starts the present accelerated expansion), we observe that the time to reach the big rip (t br ) increases when the Universe starts to expand in an accelerated rate further back in time.
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A Noncommutative Friedmann equation
In the present appendix we write the NC Friedmann equation in terms ofȧ c , a c and T c . That equation is very important in the study of the solutions to the system Eqs. (25)-(26) . In order to do that, let us write, initially, the NC superhamiltonian Eq. (18) , to first order in γ, Now, introducing P T c Eq. (23) and P ac Eq. (24), in Eq. (37), we obtain, to first order in γ, 
